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SUMMARY

A. GENERAL. The object of this program was to conduct an evaluation of charg-
ing techniques applicable to sealed mini-nickel cadmium batteries in the zero
to five ampere-hour range. All tests and investigations were conducted on sin-
gle Sub "C" classification cells of eight different manufacturers. The capacity
of the cells tested was not greatly affected by any particular charge method. A
further result was that cells exhibited higher variations of performance when
compared to one which had outstanding stability under all tes, conditions.
Further study is recommended to investigate the actual performance of batteries
using mini-nickel cadmium cells produced for field use. As a result, new stan-
dards for sealed mini-nickel cadmium battery performiance should be evolved for
rechargeable battery systems.

B. PROCEDURES AND RESULTS.

1. Many approaches were reviewed in search for the optimum mode for charg-
ing sealed mini-nickel cadmium batteries. They were:

a. Positive pulse mode

b. Romanov mode (asymmetrical)

c. McCulloch mode

d. Constant current mode (for comparisons)

2. The key parameters selected and monitored for each charging mode were:

a. Pulse frequency

b. Average net charge rate

c. Instantaneous charge pulse amplitude

d. Pulse duty cycle

e. Charging time

3. The positive pulse mode charging was conducted with a General Research
Laboratories (GRL) positive pulse charger (GRL-Pl). The Romanov mode charging
was conducted with an asymmetrical pulse charger. The McCulloch mode charging
was conducted with a GRL positive and negative pulse charger (GRL-Pl/N). The
constant current mode charging was conducted with a laboratory current regulated
DC power supply. In each test the discharge was conducted with a constant cur-
rent power supply driving a fixed load resistor in series with the cells under
discharge. Measurement accuracy was within 1% for current and voltage.

4. A series of statistical analyses was conducted to indicate the relative
merits of the four charging modes. Several parameters of significant impor-
tance constitute the bases of the analyses. The program of 66 different tests
was performed on 10 cells. The output capacity of each cell in ampere hours
waE measured and the variations of output capacity were computed.

1
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5. Table 1 shows each cell's maximum and minimum output capacities and
the variation recorded during this program:

TABLE 1. TABLE OF RESULTS FOR MAXIMUM AND MINIMUM
OUTPUT CAPACITY VALUES

OUTPUT CAPACITY
NO. OF MAXIMUM MINIMUM VARIATION

TEST CYCLES METHOD OF METHOD OF BETWEEN

CELL MFG PERFORMED* CHARGE AH CHARGE AH MIN. & MAX.
Positive

GE 64 Pulse & 1.10 Positive 0.90 0.20

Romanov Pulse-
Constant

SANYO 66 Current & 1.46 Asymmetrical 0.92 0.54
Asymmetrical I C s a

Constant

GOULD 66 Asymmetrical 1..4 Current 0.84 0.60
Positive Positive

HITANICA 32t Pulse 1.51 Pulse 0.85 0.66
Constant

PANANICA 66 Current 1.72 Asymmetrical 1.02 0.70
Constant Positive

SAFT B 66 Current 1.50 Pulse 0.78 0.72
Constant

SAFT L 66 Current 1.56 Asymmetrical 0.83 0.73
Constant Constant

MARATHON_ 44 Current 1.40 Current 0.28 1.12
*The above results were obtained during the course of 66 different n

tests.
t Introduced at cycle 35.

a. The GE cell was stable under all test conditions; it was remarkably
consistent in output capacity, independent of the mode of charging, and had the I
lowest stability variance of output capacity. The Sanyo cell was second in sta-
bilit% it maintained its capacity above 1 AH in 63 tests.

b. The Gould and Pananica cells improved with testing.

c. The Saft B and Saft L cells deteriorated after 39 and 50 test
cycles respectively. The Saft L cell maintained 1 AH output capacity for
50 test cycles.

d. The Hitanica cell was subjected to the last 32 tests and maintained
1 AH output capacity until the next-to-last test. j

e. The Marathon zell (Marathon 1) degraded after 25 tests (did not re-
covet, and was removed from the test fixture after 44 test cycles. It was sub-
sequently replaced by another Marathon cell (Marathon 2) in test 47; Marathon 2
tests are not included in the above table.

6. The test with widest variation of output capacity was with a high-rate
constant current charge of 4 amps for 22.5 minutes, for a range of 0.64 to 1.38
AH (Test 64). The test with the minimum variation of output capacity was with
a high-rate constant current charge of 6 amps for 14 minutes, for a range of
1.02 to 1.24 AH (Test 17). 1

2
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I. INTRODUCTION

A. The purpose of this investigation was to determine if an optimum method
could be found to recharge mini-nickel cadmium battery cells. A review of
practical techniques shows that charging equipment may be classified in four
categories: direct current, positive pulse, asymmetrical, and positive pulse
with negative pulse charging modes.

8. A group of cells was obtained from each of the following battery manufac-
turers: General Electric, Gould, Marathon, Hitanica, Pananica, Saft, and
Sanyo. The cells were characterized at standard conditions and then subjected
to numerous recharge regimes to see if any significant changes in performance
could be found.

I

i
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II. EQUIPMENT AND PROCEDURES

A. EQUIPMENT. The equipment listed in Table 2 was used during this program: i
TABLE 2. TEST EQUIPMENT MODEL SERIAL

ITEM MANUFACTURER NO. NO.

VOLTAGE & TIME DATA LOGGER DORIC 205 20560

USE: To record charge voltage of each cell and length of time on charge, and
to record discharge voltage and time of each cell down to 1 VDC minimum.

PULSE CHARGER IGEN'L RESEARCH LABS IGRL-Pl 11
USE: To generate positive charge pulses by controlling frequency, duty cycle,

and amplitude of positive charge pulses. i
PULSE CHARGER I GEN'L RESEARCH LABS I GRL-Pl/NI 1
USE: To provide McCulloch pulse positive and negative duty cycles. f
POWER SUPPLY,DC CONSTANT CURRENT I HEWLETT-PACKARD I 6024A I 2126A-006A
USE: To generate constant current charge currents by controlling the charge

currents to fixed values. SPIT
ROTARY FAN I ROTRON SPRITE 028267

USE: To cool discharge load resistor during constant current discharges.

RESISTOR, 10 OHM, 200 WATT CLAROSTAT VK200WA I -

USE: As a load resistor to control discharge current at fixed, constant rate
of 1.2 amps for the 9 cells in series. --1 4

DIGITAL MULTIMETER I WESTON 6000 040

USE: To measure constant current charge current and discharge current in j
amps.

DIGITAL STORAGE OSCILLOSCOPE GOULD OS4020 448/185

USE: To measure charge pulse amplitude in amps, frequency in Hz, and duty 1
cycles of positive pulse, Romanov pulse, and McCulloch pulse charge
pulses. Also used to plot charge pulse configurations on Esterline-
Angus Model MS4OIB chart recorder from oscilloscope display.

CHART RECORDER I ESTERLINE-ANGUS IMS401B IS-22087-IA

USE: To record charge current of constant current charges and cell voltages
during discharge. ______________________

DIGITAL MULTIMETER f WESTON 6502 758

USE: To measure maximum and minimum voltages of cells charged. J

6
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B. DESCRIPTION AND OPERATION OF SEALED NICKEL-CADMIUM CELLS

1. The nickel-cadmium cell is an electrochemical system in which the elec-
trodes containing the active materials undergo changes in oxidation state with-
out any change in physical state. These active materials are highly insoluble
in alkaline electrolyte. They remain as solids and do not dissolve while un-
dergoing changes in oxidation state. Because of this the electrodes are long-
lived, since no chemical mechanism which would cause the loss of active mate-
rials exists.

1 2. An important cell characteristic which results from these physical and
other properties is that the cell potential is essentially constant throughout

I nearly all of the discharge. In the nickel-cadmium cell, nickel hydroxide is
the active material in the positive plate. During discharge the charged nickel
hydroxide NiOOH goes to a lower valence state, Ni (OH)2, and releases electrons
to the external circuit. During charging of the battery, these reactions are
reversed. The net overall reactions which occur in the KO electrolyte can be
expressed as follows:

positive negative positive negative
electrode electrode electrode electrode

.dischargz

2NiOOH + 2H20 + Cd charge 2Ni(OH)2 + Cd (0)2

3. A typical sealed-mini-nickel cadmium cell uses a cylindrical nickel-
plated steel case as the negative terminal and a cell cover as a positive ter-
minal. The plates, which are wound to form a compact roll, are isolated from
each other by a porous separator. An insulating seal ring separates the posi-
tive cover from the negative cover (as shown in Figure 1). Cylindrical cell
construction relies upon a tab or edge welded multiple connection for electrode
current conduction from both positive and negative spiral-wound plates.

4. Figure 2 presents a typical cell specification sheet.

I C. DESCRIPTION OF CHARGERS FOR SEALED NICKEL-CADMIUM CELLS

1. To recharge a nickel-cadmium battery, a DC component of current must be
applied in a reverse direction to the discharge polarity. The product of the
average value of the applied current in amperes and the time of duration in

hours is the ampere hour input, All. Various types of chargers can be obtained
or designed to suit particular operational requirements. Factors to be consid-
ered are: recharge time, method of charge control (if any) size, weight, input
power, environmental conditions, and commercial or military specification

I requirements.

2. Simple chargers for nickel-cadmium batteries can be half- or full-wave
rectified, filtered or unfiltered, regulated or unregulated current limited AC
line power supplies. They can be configurated to slow (trickle) charge in 10
to 18 hours. Faster recharge times, from 10 hours down to 15 minutes, require
additional design features and active end-of-charge cutoff controls.

I7
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3. As varied as the battery application becomes, so does the charger. De-

signing a battery system mandates careful selection or design of an appropriate
I charging power supply.

4. The cell manufacturers can supply significant data to assist in the
initial determination of the design effort, but specific testing and data must
be generated before a final design is selected for use. Battery application
specialists and firms experienced with battery power supply manufacturing are
available to assist in these efforts or to support in-house design work.

5. Fast chargers, one hour or less, must be capable of sensing battery or
selected cell pressure, temperature, voltage or combinations of these para-
metric changes to effect reliable and safe charge control. Cell voltages alone
vary too widely for serious technical considerations. Temperature sensed on
each cell seems tractable if the charge rate does not exceed the thermal rate

of rise for tracking of internal cell pressure buildup.

6. Pressure sensing is extremely useful and reliable if room is available

for the incorporation of the required pressure transducers and/or pressure
adaptors and switch housings. A careful study of all factors can result in a
reliable, survivable, rechargeable nickel-cadmium battery pack.

D. DESCRIPTION OF LABORATORY PROCEDURES. Figures 3 and 4 present block dia-jgrams of the charging and discharge equipment setups.
1. CHARGING. The sealed mini-nickel cadmium battery is charged by apply-

ing a direct current of proper polarity to the battery. The charging current
can be pure DC or contain a significant ripple component, half- or full-wave
rectified DC or some type of pulsating DC waveform.

a. The modes of charging used for this program were Romanov, constant
current, McCulloch, and positive pulse as follows:

I (1) Romanov Mode (Asymmetrical)

(a) To effect the Romanov mode a charging circuit was config-
ured as shown in Figure 5, an autotransformer (Tl) was used to adjust the in-
put line voltage to a step-down transformer (T2). The current path of power
diode CR1 and adjustable resistor R, determines the positive portion of charg-
ing current and is measured as 12. The negative portion is determined by CR2
and R2 and is measured as Il.

(b) The composite charging current is measured as 13. A
typical waveform is shown in Appendix A. The ratio of positive-to-negative
current is selected and set by adjusting R, and R2. Fine control of the total
charge current is obtained by adjusting the autotransformer.

(2) Constant Current Mode. Constant current charging is the
charging of a cell or battery at a value of current which will have only minor
changes in magnitude from the start of charge and throughout the charge period.
Constant current charging was accomplished by using a DC regulated laboratory
power supply (as shown in Figure 6).

I
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(3) McCulloch Mode (Positive and Negative).

(a) To effect the positive and negative pulse mode, a charg-
ing circuit was configured as shown in Figure 7. The positive and negative
pulse charger converts 115 VAC into an adjustable source of battery charging
pulses. The AC power is applied to a DC switching power supply.

ELECTRONIC ELECTRONIC

tI

FIGURE 7. BLOCK DIAGRA OF MCULLOC (POSITIVE AND NEGATIVE) PULSE CHARGER J
(b) The constant voltage DC output of the switching power

supply is applied across a series combination of load and electronic switch |

(switching transistor). The electronic switch is turned on and off at the
selected frequency with pulse duration and amplitude, corresponding to the
positive pulse controller and negative pulse controller. A typical waveform

is show in Appendix A.

(4) Positive Pulse Mode. To effect the positive pulse mode, a

charging circuit was configured similr to that used for the positive and neg-
ative mode, except that only the positive portion of the controller was used.

I
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b. During each charge, individual cell voltages and the length of
charge time were recorded as follows:

1 (1) Charge pulses were measured by the Gould digital storage os-
cilloscope for pulse amplitude, pulse frequency, and duty cycle. From the os-
cilloscope's memory, the Esterline-Angus chart recorder plotted the charge pulse9 configuration.

(2) The Esterline-Angus chart recorder also recorded the charge
I. current of the constant current charges and the cell voltages. Maximum and

minimum cell voltages were measured and recorded by the Weston Model 6502
digital multimeter.

I (3) The Weston Model 6000 digital multimeter measured and set the
charge current.

(4) The time of charge and the increase in cell voltage of each

cell were measured and recorded by the Doric data logger each hour for charges
at low rate and every ten minutes for charges at high rate. For high-rate

m charges of 22.5 minutes, however, these items were measured and recorded every
5 minutes. During high-rate charges, the cell voltages and charge time were
also recorded manually by the test engineer.

oc g (5) When the required time of charge was completed for the rate

of charge, the charger was switched out of the charge circuit and the "open
circuit voltage" of each cell was measured and recorded by the Doric data

m logger.

2. DISCHARGING. The cells were rested for one hour after charge, and
then discharged by the regulated discharge method shown in block diagram form, in
Figure 4, page 10, with a constant current power supply through a 10-ohm re-
sistor at a constant rate of 1.2 amperes.

a. The regulated discharge power supply was switched into the circuit
after the one-hour rest, and the cell voltages and the start of discharge time
were recorded on the Doric data logger, which was then programmed to record at
ten-minute intervals from the start of discharge. The voltages of the cells
were also manually monitored and recorded by the test engineer.

b. When a cell decreased in voltage to 1.0 VDC, it was switched out
of the discharge circuit and bypassed. This time was recorded by manual ac-
tivation of the data log function of the data logger. The cell capacity was
then calculated by the discharge rate multiplied by the discharge time. The
discharge time in minutes was converted to hours. When B cells had discharged
to 1.0 VDC and been switched out of the ciruit, the voltage of the remaining
cell was monitored by the test engineer; when it reached 1.0 VDC, the regula-

m ted discharge power supply was switched out of the discharge circuit. All
nine cells were then switched into the discharge circuit and the "open circuit
voltage" was measured and recorded for each cell.

I
I
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III. RESULTS AND ANALYSIS

A. RESULTS

1. During this program, a total of 495 tests were conducted. Table 3
breaks down the tests by cells:

TABLE 3. CELL TESTS

NO. OF TESTS
TEST MODE & DE- MAR SAFT B SAFT L GE PAN SANYO GOULD HIT GE
TYPE CHARGE SIRED 1 2 3 4 5 6 7 8 9 TOTALS
CONSTANT DC

High 17 17 17 17 17 17 17 17 4 1 124
Trickle 11 11 11 11 10 11 11 11 5 1 82

PULSE +
High 9 9 9 9 9 9 9 9 3 0 66
Trickle 14 14 14 14 13 14 14 14 5 0 102

ASYMMETRICAL
High 2 1 2 2 2 2 2 2 2 0 15
Trickle 3 2 3 3 3 3 3 3 3 0 23

I
PULSE+1

High 5 5 5 5 5 5 5 5 5 2 42
Trickle 5 5 5 5 5 5 5 5 5 1 41

TOTAL TESTS 66 64 66 66 64 66 66 66 32 5 495

2. The output capacity results of all tests are presented in Appendix B
(8 sheets). The charge curves of all cells were combined on one graph for each J
test and are presented in Appendix C. The same was done with the discharge
curves which are presented in Appendix D. Computer plots of point-by-point
data of output capacity versus test number are shown in Appendix E. The data
was analyzed for statistical significance, and the results of this analysis are I
presented in this section. In summary, performance of the cells was as
follows: I

a. Saft B and Saft L cells degraded badly over the coursa of testing.

b. Gould and Pananica cells improved with testing. ]

c. GE cell (#4 above) was remarkably stable during all test
conditions. A second GE cell (#9 above) was added to the testing schedule for
verification of test data at test number 62.

d. Sanyo cell was second to the GE cell in stability.

e. The first Marathon cell degraded after 25 tests (did not recover),
and was removed from the test fixture after 44 test cycles. The second
Marathon cell was subjected to 20 tests.

f. Hitanica cell was subjected to the last 32 tests and maintained 1
ampere hour output capacity until the next-to-last test.

14
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I B. DATA ANALYSIS (STATISTICAL REVIEW)

1. The GE cell was remarkably stable under all experimental conditions.
The next most stable cell, the Sanyo, gave a variance ratio relative to the
GE of approximately 6.04 which is significant at well over one part in a thou-
sand. Some cells showed a pronounced degradation over the course of testing
(most notably the Saft B and Saft L), and some cells exhibited a tendency to
stabilize (in particular the Gould).

2. The data of Appendix B was reworked as follows:

a. The Marathon cell data was dropped (the cell failed).

b. One aberrant value of 0.6 was omitted from the Saft B measurements.

c. Two values (the lowest) known to be faulty were omitted from the GE
data (a poorly soldered connection had been located in the test jig and
repaired). This left 7 time series to be examined; the smallest (Hitanica)
contained 32 tests; most had 66. Each series was smoothed by taking running
medians of 3 (consecutive data points). This was repeated until there was no
change. Next running triples were averaged using weights 1,2,1. Thus 1,3,2,4,5,4,2,0 becomes 1,2,3,4,4,4,2,0 and finally 1,2,3,3.75,4,3,5,2,0. These 7

smoothed time series are displayed in Appendix F.

I d. Histogram plots which indicate a normal distribution for the cell
data are presented in Appendix G.

e. An assessment was then made of the normality of the distribution of
the values for each of the time series. That is, we tested whether it is
reasonable to assume that the fraction of values less than x is given by

Gau((x-1)/)
i where fz t2

Gau(z) = _ exp(- t--}) dt

The values for each time series were arranged in order of size and the nine
deciles (*) for the standard normal. Plots which are reasonably straight
indicate an approximate normal or Gaussian distribution. Probability plots are
presented in Appendix H. Finally, since these plots are reasonably straight,
one may employ F tests (probability tests) to compare the variances for each

* series of values, and thereby assess the relative stability of each series. An
examination of the smoothed time series makes a number of points obvious: theSaft cells both degraded badly over the course of the experiments; the Gould
cell actually improved; the Pananica cell improved over much of the range, but

fell off at the end. Table 4 gives variances for each of the time series:

(*) The ith decile d(i) for the normal distribution is that real number such
that Gau(d(i)) - (I-1/2)/I0, whereas the decile D(i) for the data is a
value such that i/10 of the observed values are less than or equal to D(i)
and (10-i)/10 bigger than or equal to D(i).

> I
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TABLE 4. TABLE OF VARIANCES

Manufacturer Variance N Ratio (Var/GE)

GE .00117 64 1.0
Sanyo .00707 66 6.04
Gould .0110 66 9.4
Pananica .0206 66 17.6
Saft L .0224 66 19.1
Saft B .0390 65 33.0
Hitanica .0701 32 59.9

The variance as a measure assesses variability, and clearly the GE cell is far
more stable than any of the others. Variances are computed via

S2~ (yy)2  I
I

where n is the number of observations, and

nI
1 I 1

This so-called F ratio with 65 degrees of freedom in the numerator and 63
degrees of freedom in the denominator is significant at well over one in a
thousand. The other F ratios, 9.4, 17.6, ... are even more so. Thus the GE
cell is really very different from the others (more stable and consistent in
output capacity).

f. On the other hand

Vat(Pan) . 1.87 - F'
Var(Gld)

and this is not significant at, say, the 2.5% level, and these two cells may be I
regarded as equally variable (or stable). The graphs in Appendix H make clear
not only the stability of the GE cell but the tendency for the Pananica and
especially Gould cells to improve. Clearly the Saft cells are degrading over I
the course of the experiment.

1
I
I

,16 1
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I C. CALCULATIONS

1. The input capacity of Sub "C" cells in ampere hours was calculated as
follows:

Ampere hours of input capacity - (net average current) x (hours of charge)

m where t+ t

Net average current (I) T- [ i(t)dt - i(t)dt

2. The output capacity of Sub "C" cells was calculated by multiplying:

(Discharge constant current) x (hours of discharge) - output ampere hours.

3. The fixed load resistor to control discharge current at a constant rate
was determined by the ratio of:

DC voltage of cells in series (OCV)/1.2 ampere
constant current - fixed resistive load

m RL - VDC
ICC

0
O-t. - Pulse width of positive portion

t - Pulse width of negative portion

I T- 1 - Period of waveform
F

1

I
I

I 17- -- -L " _. . -. ... ... .
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IV. CONCLUSIONS

A. For sealed mini-nickel cadmium cells there is no significant difference in
the ampere hour output capacity as a function of charge input techniques. The
result of this study reinforces earlier investigations. However, our study has
shown wide variability among the tested manufacturers individual cell perform-
ance as measured by output capacity with cycling.

B. The General Electric cell had greatly superior stability characteristics as
compared to most of the other cells tested. Its variance was a minimum of 6
times to a maximum of 60 times less than the other cells tested.

C. The characteristics of cells can be typed to a particular manufacturer.
When this data is known, an effective charge system can be implemented.

V. RECOMMENDATIONS j
A. As a result of this work, it is recommended that similar variance studies
be performed on all cells and batteries made by various manufacturers.

B. New charge control techniques should be investigated to minimize variance
in battery performance. These studies and their results will lead to improved
reliability in field use battery systems.

C. Pressure control switches and electronic peripheral protection circuits,
for example, are now available for end-of-charge and for end-of-discharge con-
trol. One such unit containing these controls is Model BB-542/U, manufactured J
by Frezzolini Electronics Inc., Hawthorne, NJ, and is now in use for military
radio communications. It is recommended that this technology be used for all
future sealed mini-nickel cadmium battery system applications.

I

J,
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APPENDIX A -TYPICAL CHARGING WAVEFORMS

TEST NO. 45 -CHARGED AT I Average =0.150 Amperes

FREQUENCY AT 60 Hz

POSITIVE CURRENT PULSE

100 IlU

II

0ICHART SCALE
1.5 ms/cm NEGATIVE CURRENTPUS

1.00 AMPERES (AVERAGE)

FIGURE A-i. TYPICAL CURRENT CHARGING WAVEFORM ASYMMETRICAL

1 21 (A-i of A-3)
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TEST NO. 64 -CHARGED AT I avrg 0.20 Amperes

Frequency @ 10Hz
Positive Current Pulse

0.50 Amperes (Averae
S0% Duty Cycle

]lit ij

4j-0~. 4jE -1 1

t T

Reference'&t ' 1iIHIKL i

NegativeCCureentSPuls

0.30 Amperes (Average)

20% Duty Cycle

FIGURE A-2. TYPICAL CURRENT CHARGING WAVEFORM MCCULLOCH (POSITIVE/NEGATIVE)I

22 (A-2)



TEST NO. 22 -CHARGED AT IAeae=0.8 mee

t FREQUENCY @1Hz
POSITIVE CURRI 4T PULSE

0. 080 AMPERES (AVERAGE)
50% DUTY CYCLE

-0r TT o 'YY~f P'T T ~~

"i 

4 
7- -

I Reference

sI- Ir j

I12.S5ns/crn 0.04 ANP)S/cn
ISTERLINE A

FIGURE A-3. TYPICAL CURRENT CHARGING WAVEFORM POSITIVE PULSE

I 23 (A-3)
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I APPEN4DIX C -CELL CHARGE GRAPHS
MINUTES

e 0.0 10. 20. 30.0 40.0 SO.0 60.0 70.0. 30.0 90

1.30HARGE CURVES

--- CELL VOLTAGE VS CHARGE TIRE
_ _.o~ . I _ _ _ _ _ _ _ _ _ _ Isto+

2.70 --Ot E- - -

r --. .. t 75 MIN. .1.2 AMPR

CONSTANT CURRENT

1.60 ___ _ __I 0,.

1.30__ _ _ ___ _ __ _ _ _

i~~zo~~o MINUTES * :oS .

1.70 
CHARGECURVE

_ TESTNO. - --

I ,.o_

_ _ 70 MIN.. 1 .2 A4EE
CONSTANT CURRENT

... HIGH RATE CHARGE

Li,. _ _-,lI

1;20 _ _ _ _ _ _ _

1. MARATHON S. PA ANICA
2. SAFT BUTT) 6. SANYO

3. SAFT LUG) 1. GOULD

33 (C-1 of C-23)
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MINUTES

C 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0. 80.0 90.0. ... ....... . .
CELL VLTAGE VS. CHARGE TOhE

t. ~ .~ --.... .. - TEST NO. 4 .

1.70 70 HIM., 1.2 AMPERES . -
____ CONSTANT CURRENTHIGH RATE CHARGE

1.60. 0 0.

1.2IL- AMSR

1.0

1.30

MINUTES
%VC .0 10.0 20.0 30.0 .0. SO.O 6,0 70.0 90.0 90.0

1.50 CHARGE__ ______ ____

.... . C:ELL VOLTAGE VS. CHRG TIME

___ -----

_ TEST NO.
57 MIN., 5. PANA|ICA
7 Sz. 1.2 (L . OSITIVE............ "I ""PULSE, HIGH RATE CHA RGE r-

. E

34 (.2

1.40 2

1.30

1.20
•1. MARATHON 5. PAANICA
2. SAFT (OUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD
4. G. E.

34 (C-2)
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MINUTES

voc 0.0 10.0 20.0 30.0 0.0 50.0 60.0 0.0 60.0 90.0
1.80 C.7L2L7fi7T OAE CURVES

... .. ~~ES NO . 6.... . . .
1.70 _ F -.. . . , . . ....... ....... T- - i .. . _. . _.. . 1 HR. 1.2 AMPERES

z./u i IJ I ' i CONSTANT CURRENT

.- -- - - - -* HIGH RATE CHARGE ~ *

1.60 ._ _ I . __ _____ . ..... ....___ _

1_.4_____-- - ,,I.- - :-L _ __ i______

1. 20Lzr-rt
MINUTES

VlDc 0.0 10.0 20.0 30.0 .10.0 50.0 60.0 70.0 80.0 90.0

I.-: .1.t-_: .--....... L---r-- .

1.80 - -- -"" CURVES -

i ___ __ _ .. __ _. ___ - ..... ._ST NO. 7

, -_. - __- - .-. .-.- __ - _-.- ..... .... . H...R.. 2I APERES
* CONSTANT CURRENT

'HIGH RATE CHARGE

9 ~~1.60__ __ -- .

I.SI

I1.40 2,3,4_________

,., ;-- ,- t,_-T ; ... _ ____ ,

1.30I

I- ;It L-- . . ...___ • . . . .- -

1.20 _ __. .___1_A E S . . .
1. MARATHON I. PAN4ANIC

I 3. SAFT .. .7. GOULD
4 G.E. I

135 (C-3)
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MINUTES
WUC 0.0 10.0 20.0 30.0 .10.0 50.0 60.0 70.0 80.0 90.0

1.80 ~.L
~ .L.. 4. . au. 'VL0TA"EEVS. CHARGE TI]%IE -4-

1.70 ! TEST NO.9 -4.70. - -. .... 64 MIN., 1.2 AMPERES
SCONSTANT CURRENT'1" - - .. .... "J--'" HIGH RATE CHARGE 7 -' .:z iii

.. .. _ I .
I Io

1.3o r

1.20

MINUTES 00 4.
v c .. .0 10.0 1.0 0.0 25.0 30. . 03.0

1.90 CHOAG CURVES
- -CEL.L VOLTAGE VS. CHAGETDLE

1.70 - ____________________..... TEST NO. 10

37 MIN., 2APERES . .I
. . . . . . ,V - -- - - - --. CONSTANT CURRENT

S- HIGH RATE CHARGE

" ______ ________

I. 
I

...... ,---....... . . . . .. . ."

- 2,4- 1.
----- " "- . -. -- - TES NO.____ 10 J___

-T-t

1. MARATHAN 5 . PANAMECA
.. SAT (BUTT) 6 .SANYO
I .SAFT (LUG) 7 .GOULD

4-G.E.36 (C-4)
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M-IUTES
VDC 0.0 3.0 10. 0 15.0 20.0 ZS.0 30.0 35.0 40. 15.0LCHARGE CURVES

- - -....... CELL VOLTAGE VS CHARGE TIME

1.70L _____ __.... .. ... .. .. ... ..... TEST NO. 11
-l -t.T --; . 22 MIN.. 3 ANPERES.--TS ."....... .": .... ICONSTANT CURRET . .
... . '--- S ""HIGH RATE CHRGE

1 .4

,. _ ____'_..'1

1~kL .30 iti.- _

....

MINUTES
'IDC S. 10ij .0 13.0 .0 .0 25.0 30.0 35 .0 410. 0 4. 0

- ,-°, .oCHARGE CURVES V0
-.- '- " -- "':_- t7: iI CELL VOLTAGE VS CHARGE TIME

TEST NO. 13 --

20 MIN.. 4 AMPERES
CONSTANT CURRENT
HIGH RATE CHARGEc

' .... T::T>
1 60-

r-r _ ________.........

2S . .~ (iT) 6, .SAN

1 '3

I SA (LUG) 7- GOULD

37* (C-5)
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MINUTES

S 0 1 o10.0 13.0 20.0 7 .. o 5 30.0 35.0 .. o s45.02s CHARGE CUZ7ES
,- -- -.. . -7 CELL - .vo L A E VS . Oai E -IE

1.70 TEST NO.__14

29 MIN.. 3 APERES . .. .
" 2 CONSTANT CURRENT

'-- -HIGH RATE CHARGE"
... . - . .. .....- -. .. " . . .. ....... - .. ...

1.4 11-- -

1.30~______ _____

,., : '---I -"__-_-_-

S MINUTES
\ C 0., 1 .0 15.0 7 20.0 25.0 30.0 3S.0 4'.0 450
1 .80 CHW aIR';ES/ CELL VOLTAZ vs. CHARGE T,S- .-' - - - . .... 1-'- _ T'----- i" -- -----

1 7C 0- -_____ TEST NO. 15
21 MIN., 4 AMPERES . . I

-. - 2 CONSTANT CURRENT]5
- - .HIGH RATE CHARGE

........................ .... .... .Z z4zzi1T

' 6 AT ('UG) . OL

.^ ..1!.38 (C-6)
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MINUTES

I 0 1 0.0 13.0 20.0 25.0 30.0 3s.0 40.0 45.0
1 . 0 . . . ... ... G E C '"E S

.1174. -- -CELL VOLTAGE VS. OL'.GE TI].
- .---- _------ - -

1.70 - - TEST NO. 16

. . ... . .... --. . .17 MIN., 5 AMPERES .
CONSTANT CURRENT

-- . -.- - - - - - - -..HIGH RATE CHARGE

- - .. 7-.--_ __

VUC 0 ~ . 3,. . 3. 0 "0 20.0 25.0 30.0 35.0 JO.O 43.0

1.8 _ 1

.. ~~.. ..... CELL VOLTAGE VS. OIARGE TIhE ---
.70NO.17

. .. ...-- - - 1...1.. 6A_,, ,,E,. -.

MINUTES

CONSTANT CURRENT
H4IGH RATE CHARGE

1.41I0--

S.. --

1.30"

I IM --,ARATHON-i S - PAA,_ 
__A

Z- SAFT JBUTT) 6- SA.'%YO
S SAFT LUG) 7 GOULDg.E 39 (C- 7)"_"_ _ _ _ __- I
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MINUTES
VC 0. 20 30 40 50 60 70 80

I - - - - - - ... -#CHARGE CURVES

CELL VOLTAGE VS CHARGE TIME

1.7 T-- - -EST NO .26_ _
I HR,. 15 MI.. 25% DUTY CYCLE

. .
-~~ 

-
4,  

-'PULSE, HIGH RATE CHARGE -

1.60

. -...- - - . - .... --

1.30

6 i!S!3.7-11

_-- __ i 1  1 " ! I i ,

S."MINUTES
• , . 1m 1 1S.0 20.0 2S.O 30.0 35.0 40.0 4.0

j- so CHA GE CURVE S . -.- , -- -

L70 I {I-! - cTEST NO. 34 c - -- -

, r- --- .... .. ---...........--

'. ._ .. 240 HZ, 2 A PERE PULSE . ...

t __... ..._,:_ _. _HIGH RATE CHARGE -- .. . ---

1.60

.,. __.. . _- i - - . .- - i . .. . 1 .. . -' ". . .. -I

......-- .. -- - - - T" __ _ _ I _ _ _ -

4,1 .... _... _.z-z i V
.. .fI I -. t C ZH72z

1. MARATHON 5. PANANICA
2. SAFT (BUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD
4. G.E. 8. HITANICA

40 (C-8)
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HOURS
ac0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

1.8 CEELL VOLTVGE VS. CHARGE T IME-

1.7 TEST NO. 35
-- . - ....4. -. . -... .. -. 14 HR, 25% DUTY CYCLE

* - ..s.... 240 HZ, 150 M4A PULSE

I ~~~~ ~ ~ T 1.0-------- - - _ _ _

1.60 ICHRECRS

-. - --i - .CELL VOLTAGE VS. CF'ARGE TIME -

1.70 TEST NO. 36
z...480 HZ, 1.5 AMERE POSITIVE

______ ~PULSE. HIGH RATE CHARGE

.64i ~~~1.50 ______

4 4

1.20 _ _ _ _ _ _ __ _ _ _ _ _ _ _

1. MA4RATHON 5. PANANICA
2. SA: LUG) 6. GOUYO

3SAFT UT) 7. SAO
4. G. E. 8. HITANICAI 41 (C-9)
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HOURS
%vC 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 26.0 18.0

-- CELL VOLTAGE VS. CHARGE TIME_

1.70 - - 1  ~ t- - TEST NO. 37 -
1.70 15 MRS. 25% DUTY CYCLE

-- --- ~..j .... . [ - ~ 480 NZ. 200 Ma. POSITIVE__ _

-- I PULSE, TRICKLE CHARGE

VOC .0 1.0 2.0 ~MINUTES
______ 5000 2 3. 00 S.0 60.0 .0.0 $0.0 90.0

18CELL-- CHARGE CURVES
CELL. VOLTAGE VS CHARGE TIME

L.-0

'~7Z ----7.-- - TEST~ NO. 38 ___

L60 1,3+.r

1.MAA.O . AANC

2. SAFT (BUTT) 6. SANYO
3. SAFl' (LUG) 7. GOULD
4. G.E. 8. NITANICA

42 (C-10)
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vc 0.0 2.0 4.0 6.0 8.0 HUS10.0 12.0 14.0 16.0 18.0
1.80 ~.-.-. CELL CHARGE CURVES - -

-- --- - ...- CELL_ VOLTAGE VS. CHARGE TIME -

1.70 _____ ____ _____ TEST NO. 3

S. ~ -14 HRS, 25% DUTY CYCLE _

-. .* - - ___ _600 HZ, 150 Ma, POSITIVE

1.60 _____

1L.40 __________

5. 0~*__ _ _

MINUTES
NIX 0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 SO.0 90.0

I . so(C:IARGE CURVES
CELL VOLTAGE VS. CHARGE TIME

---.. ..jl~ rr..zr:.: -... ONSTANT CURRENT --

HIGH RATE CHARGE

1.20 6

I MAATHO S.PARAMICA,

2:SI BT)6 AY



NAEC-92-161

VP~ *~- -- CHARGE CURVES G-1- - CELL VOLTAGE VS CHARGE TIME -

1.60 - - - - -

- -___ _ - ~ -.--- TEST NO. 41
_________ 460 R1051

- ~ CONSTANT CURRENT

________TRICKLE CHARGE

MINUTES
'I .0 S0 R 0 15.0 20.0 25.0 30-.0 35.0 40.0 45.0

1.80 - CHARGE CURVES---.-vCELL- VOLTAGE VS. CHARGE TIME

1.70 TETN.4
- -- +.------ , -- 3CONSTANT CURRENT _

-- -3--- MIGH RATE CHARGE 7

1.60

1 74 1 A~l . AAICA

3. SAFT (LUG) 7. GOULD[
4. G.E. 8. HITAXICA (-2



NAEC-92-161

1D .0 0 13.0 20.0 25.0 30.0 35.0 4. S0

CELL 'VLTGE VS. ClHARG

1.7 TES NO. 43
___22.5 MIN. 4 AM4PERES

CONSTANT CURRENTOL HIGH RATE CHARGE
8-S~~

/000
1 - - - - - - - .. - - - - - - - - - - ~-4

1.o -..---I---. HRECLE

1.70 __ _ _ _ _ _ _ _ _3~~~~~ ~TS NO.- 44-..l.7....

I _4___ 50M

Ido

13 2 .1SAATHO SuT . PASANIC2. _AT(UT .SNO
3. SAFT (LUG) 7. GOUJLD

4. G.E. 8., - _____

45 (C-13)



NAEC-9 2-161

WC 00 2. 4.0 6.0 HOURS

_______0 2.0 _ 4.______ .0 8.0 10.0 12.0 14.0 16.0 18.0

1.80 - -- CHARGE CURVES '

CELL VOLTAGE VS. CHAP . TIME ----

1.70 4 - ASYMM4ETRICAL (ROMANOV)

PULSE, TRICKLE CHRG

1.60 ~ ~ ~ ~ ~ ~ ~ ~ m GE _ _ _ __ _ _ _ _

1. __ __ __S __ _

____

1I .50 1.IUE

1.7

14

1.8 CH RG CU VE
CELL VOLUTTE 6.. CHAGETIEO

SAFTTES (LUG 7.4O6

1..A ASMME.CA 8. HITANIC
46SE HIGC-TECHRG



NAEC-92-161

HOURS

%_c 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

1.80 CHARGE CURVES
.. CELL VOLTAGE VS. CHARGE TIME

L, 1-- -

1.70 - TEST NO. 47
12 HRS., 60 HZ, 150 Mal

__ _" ASYI4ETRICAL (ROMANOV)
PULSE, TRICKLE CHARGE

S1.60I
?.-t..-... .._

.. . .. .._ _ ... _ _... . . .. .... .

-Ih - - _________.I .... .. .. .. .

1.3011 3-____ _ _

• ---'-' - ------- CHRG CUV

3,4,S "

I1C 0.0 10.0 ZO.0 30.0 40.0 50.0 60.0 -0.0 80.0 90.0
1.80iI[ CHARGE CURVES _ __

S... " .CELL VOLTAGE VS. CHARGE T ;.IE

-7 1 R 20 -M-I--. . 1__ . IN., ASYMMETRICA.

1.70 _ _I __ (ROMANOV) 60 HZ, 1.2 AMERE _-- _. __.__ _

PULSE, HIGH RATE CHARGE i . .

1.60 o_ _

7~Yd
I.+ - .. .._--__--_... .__.. .. __.. .____... ._

1.30 71i z,§ -____ :..... Z.... :i -j-. Z I 7~ II
1.20,;

1. MARATHON S. PANANICA

2. SAFT (BUTT) 6. SAYO
3. SAFT (LUG) 7. GOULD
4. G.E. 8. HITANICA

47 (C-15)

_______________ ,.I'. .



NAEC-92-161
HOURS

VIE 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

.~ CHARGE CURVES

r-.4...... .CELL VOLTAGE VS CHARGE TIME

1.70_

.TEST NO. 49
-........ -; 14 HRS, 150 MA

CONSTANT CURRENT

1.60! . .. . . TRICKLE CHARGE

-..

tI , I_;_,

......CEL VOTAEVSCHRE
"IM

1.70 ......-.- "

...... O.51,..

1.40 EC E

1 .... N 8C

2i .. .SAT (U T . S! __

CHA GEN U VES 
J

++' .... __ ~CELL VOLTAGE VS CHARGE TIME --- .... .

S U ...... S NO. .51..+ p ~ ~~~~~35 MN., 50% DUTY CYCLE .. .. __/ .. .. .

.60 HZ, 2 AMPERE POSITIVET ~ ~~~~~~PULSE. HIGH RATE CHAGE I... .P' f. . . . . .

._ 4 .- .

-II

I - MrARAT1I10 5 PANANICA
2 -S.,FT (BUTT) 6 -SAN'YO
1 SAFT R'UG) 7 GOULD

t.. C,.A I HTLNICA

48 (C-1.6)



NAEC-92-161

VOC i . s.0 20. .5.:3(. 50 0 45.0

-6 CELL VOLTAGE VS CHARGE TIME

25 MIN., 4AM4PERES

-3- CONSTANT CURRENT
3- HIGH RATE CHARGE

1 .6 2 , _ _ _

I ~ .0 20 4. 6.0 8.0URS
______ 2.0 .0 60 8. 10.0 12.0 14.0 16.0_ 18.0

__ ~Z ~ ~ - CELL VOLTAGE VS CHARGE TIME

I - -.- --. --. -- . -- ~3 HRS, 900 MA CONSTANT CURRENT;

15 ____ 50_ACNSATURET

HIG RAT CHARG
1..NNC60...........I -

2. S~i (UTT 6. ANV

1.5

.G. 8TO . HITANICA

49 (C-17)



NAEC-92-161

HOURS
vo 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

- -- --. CELLCHARGE CURVES

CELL VOLTAGE VS. CHARGE TI?IEF

1.70 . - - TEST NO. 54
-- { - ~ 14 MRS. 25% DUTY CYCLE

-- -.-. . -20 HZ, 125 MA POSITIVE

PULSE, TRICKLE CHARGE

1.60 ___--

.. . . . .. . -.-.-.---.-------

VOC 0.0 2.0 4.0 6.0 8.0 HOURS 1 . 20 1 . 60 l~ -
I 0.0 20406080 1. 20 1. 60 1

I ~CHARGE CURVES TM

. 7 0 r .- 4-.- - TEST NO. 55

- -~. . .j16 MRS. 25% POSITIVE/25%
- i NEGATIVE DUTY CYCLE, 10 -

HZ, 150 NA, TRICKLE CHARGE -

___--7 77

1.20 
_ _ _ _

2 -SAP? (BUTT) 6 -SAl%YO
I SAP? (LUG) 7 - GOULD
4 4-G.E. I - HITANICA -

50 (C-18)



NAEC .92- 161t
HOURS

VDC O6-0...... 12-0 -lit 24- 30a 1 AUn2 d
1.701 -. .. . - - - - - - . -

I-. -.. -. - -- -. CHARGE CURVES
1 • CELL VOLTAGE VS. CHARGE

I.SO

I _ _... ... .. -

TEST NO. 56S62 HRS, 50% POSITIVE/0% NEGATIVE

] l ! IDUTY CYCLE, 10 NZ. 100 MA PULSE,
r~y- j •TRICKLE CHARGE

SMINUTES
" -C-I8 . "- ... 20 30. 0 50 60 70 so 90

- ... -- _--...... "CEL.VOLTAGE VS. OIWA___-

1.7t0I '-Y --- -. . . . . . . . . . . . . ... ~.. . ._

2.-- _ __ 1 HR 10 MIN., 50% POSITIVE/50%
7 NEGATIVE DUTY CYCLE, 10 HZ. 1.25

1::__.... AMPERE PULSE. HIGH RATE CHARGE

S6 .. . .. . -. . - -.. - -. ____ - . ______- -

1. MARATHON 5. PANANICA
2. SAFT (BUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD
4. G.E. 8. HITANICA

51 (C-19)

, -. . i -



NAEC-92-161

HOURS
Vm .0 2.0 4 0 6.0 3.3~ 10.0) 12.0 14.0 16.0 18.0

1.S0 - CARGE CURVES
- CELL VOLTAGE VS. Ci-AXI

TIME

1.70 __________ - TEST NO. 58
-.. . . .. . . . . . - - . - 11 HRS 30 MIN., 50% POSITIVE/

50% NEGATIVE DUTY CYCLE, 10 HZ,
----------- -.-.- - - -150 MA PULSE, TRICKLE CHARGE

1.60 _________ ____________ ____________ _____________ _____________ _____________ _____________ ____________ ____________

V CM I N U T E S5 067 08

CHARGE.CURVES ___

- . L V0+TAGE VS CHARGE TIME .

1.70 1 HR 10 MIN., 1.2 AMPERE CONSTANT__________
CURN,10 HZ, 6.6 AMPERE PEAK,

4 MS NEGATIVE PULSE. HIGH RATECHARGE -- . .--.. -

1.60 ____ _ _ _

1.40__ ___ _

2. SAFT (BUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD
4. G.E. S. HITANICA

52 (C-20)



I ~ .0 20 '0H6.UR. 
NAEC-92-161

1o .8 0 -100 6. . 10.0 12.0 14.0 16.0 is.
-- - -*- *--- ---. ~.-- . CHARGE CURVES

- ..- . - . . .CELL VOLTAGE VS. CHARGE

5-% NEGA-TI E YCCE -Z

I ~ 2. 40 6 1.6R

1c.8 0 8 . . .0 HUS10.0 12.0 14.0 16.0 18 j
I~o - --- . . -- - ---- - - CHARGE CURVES

- - -- -- -- -- --- CELL VOLTAGE VS. CHARGi

1.70 _ _ _ ___ _ - TEST N.6

-. -- . . . .- 12 HRS.40 MIN., 20% P0SITIVE/2% NEGATIVE
-. -- - - . . - DUTY CYCLE, 5 HZ, 200 FA. PULSE, TRICKL

. . . . . . . . . . . . . . .. - CHARGE

1.60 _ _ _ _ _ _ _ _ _ _ _ _

I 1.40

,4, A.- -
_ _

3.S* (U) 7 GOULD
4. G.E. S.HITANICA

I53 (C-21)

L.............................---.--



NAEC-9 2-16 1

MIWTES

VDC o.o 10 20 30 40 50 60 70 80 90

..........0 -- .. CHARGE CURVES
\----- -- CE JVOLTAGE VS. CHARGE

1.7 -.. .E.ST.. . . .. 2

- . .- -. -- .1 HR. 20% POSITIVE/2% NEGATIVE
-- - - .. .. . . . . . . . . . . - DUTY CYCLE, 5 HZ, 1.5 AMPERE

-. . . .. . -. - - . . . . . . 6 PULSE, HIGH RATE CHARGE

-6. .

..... ........-

Mx C .oS.. 0.. 1.... .0 13.0 20.0 MNTS25.0 30.0 3S.0 40.0 45.

CEL CHARGE CURVES
CELL_ VOLTAGE VS. CHARGE TIMEI

- 22 MN., 50% POSITIVE, 2% 6.6 VDCI
---------t - - . -- -- -PEAK NEGATIVE DUTY CYCLE, 10 HZ,

4 AMPERE PULSE, HIGH RATE CHARGE

I__

1.2n- -- .-- .-.--- i--
1. MARATHON 5. PANANICA
2. SAFT (BUTT) 6. SANYO 9 .G.E.

4. G.E. 8. HITANICA

54 (C-22)



I NAEC-92-161

S. .HOURS

voc J.0 20 4 0 6.0 8.0 10.0 12.0 14.0 16.0 18.

- -C .C.-L- LCARGE CURVES
E L VOLTAGE VS. CHARGE TIME "

I __ ___ __ __________ ___ ___ - - TEST NO. 64
1.7o / /_/ / _ / 14 HRS, 50 POSITIVE/20Z NEGATIVE

DUTY CYCLE, 10 HZ, 200 MA PULSE, TI -.-. -. -. . . . . - - TRICKLE CHARGE

• _" _.....--------- -.- .. --.-- ' ...

, .-...-. -- - -.. . ...- . -- - - .-- -_ -

- -6 ... . . .......... -. . ....

I., - - -I _ _. - - - -- - - ! .
4,9 __ __ __ 44

HOURS
W 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18

1 ..... - ..... ... . CHARGE CURVES
I - - ............ _" CELL VOLTAGE VS. CHARGE TIME

1.70 T--ES\T----- NO. 5 _ -"""
S- HR. 1.2 A '4PERES CONSTANT CURRENT

___ AND 3 MRS. 150 MA CONSTANT CURRENT
-HIGH RATE CHARGE

1.60...1..0 _ __ ...- . . . . ... . - .- - - _

1.3

I ~ ~~~~1.20 __ _ _ _ _ _ ___ _ _ _ _ _ _

1. MARATHON 5. PANANICA 9-G.E.
2. SAFT (BUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD 55 (C-23)
4. G.E. 8. HITANICA



NAEC-92-161

APPENDIX D - CE LL DISCHARGE GRAPHS

AMPERE HOURSvDc 0. 0 0.2 0.1 0.6 0. 1 . .2 11.O1f

1.30DISCH4ARGE CURVES
- -. VOLTAGE VS AMPERE HOURS OUT

_______________ ~TEST NO. 11.40 I 75 HRS., 60 MA. CONSTANT
S CURRENT. TRICKLE CHARGE

1.30

1.30

AMPERE HOURS

0.0 .2 04 0. C.S )~ . * ' DISCHARG CURVES --
- VOLTAGE VS. Al9ERE HOURS

________ ________TEST NO. 2

~~~~~I MR-. . . . . . . . . .1 R15MHIM., 1.2 AMPERES
- CONSTANT CURRENT, HIGH

RATE CHARGE

.90 I14 ARATHON S. PAMANICA
2. SAP? (BUTT) 6. SANYO3. SAFT (LUG) 7. GOULD ..

4 .G.E.57 (D-1 of D33) PZRECLw.Q F J L . 1



NAEC-9 2-161A

AMERE HOURS
% DC 0.1 1. ____.S 10 i. )

- -. -DISCHARGE CURVES
- - .VOLTAGE VS AMPERE HOURS OUT-

____ __ ___ __ _ ___ _ _ ____ __ ___ ___ TEST NO.3
'~' ~ 1 H 10 NIN., 1.2 AM4PERES--. .. . - -. . . . . . .- - ONSTANT CURRENT, HIGH---

.- ---- ------ RAT CHA---~RAEH RGE -

1.0)

%lDC 0.0 0-1 '.4 0.6 o-s A 1ER H0JQ 1-.. 4 16 1

- - .. -. . . - . ------ -.. I DISCHARGE CURES
I_ OLT)XE VS. X%(PM HOURS

-- .1 .OUT

----------.--.- . EST NO. 4
I HR 10 MN., 1.2 AMPERES

-- CONSTANT CURRENT, HIGH
-- RATE CHARGE

1.3~0

31 7

1. MAAhO . PANANICA
2. SAFT (BUTT) 6. SANYO I
3:ST LUG) 7, GOULDI

58 (D -2)I



NAEC-92-161

AMPERE HOUJRSV*C 0. 0 0.2 0.4 0.6 0.8 1.0 12 14 1-61.30 -_ __ [ .__

DISCK RG CURVE!
_________ \LTAGE VS. *t!PERE HU-

_________ ________OUT

1.10 ___ ___ _ _ ___I __ _ _ ___TEST NO. 5
_________I HR 50% DUTY CYCLE. 7 HZ.

_______ _______ - 1.2 AMPERE POSITIVE PULSE.

1.2.0

_ _ _ _ _ _ _ _ - -

-D C 0 . . 20 4 . o s E R E H R a .

________ - -DISCKOAGE CURVES1.5 0_ _ _ + VO T AGE VS . A V ERE MO M .S

________ ______I HR. 1.2 AMPERES,

6 CONSTANT CURRENT,

1.30 
_ _ _ _ _ _ _ _ _ _ _ _

1.0

'I~ _ _ _ _ _ -

0. 90

I - KARATHON 5S PANANICA,
I SAP? BUTT) 6 -SANYO
3 SAFT LUG) 7 -GOULD

g59(D3
1FT



NAEC-92-161

%-o 0 o -. AM4PERE HOURS

DISCHARGE CURVES
...............~ ~. ~VOLTAGE VSA14PERE HOURS OUT

L~0..~ 7T7 TEST O. 7
-- - - 1 HR, 1.2 A14PERES - -

5.6,7 ____- __ _ CONSTANT CURRENT
.2,3 ----- - - -- .HIGH RATE CHARGE

1.50o

AMPERE HOURS I%mc 0.0 0. z 40..+OS . 1,2... 1 1-6 1

DISCHARGE CURVESJ

* --. -.. - - - - - - - - - VOLTAGEVS APERE HOURS OUT f

1.4~ TEST NO. 81
17HMRS, 100MA
CONSTANT CRRT

- -- -- ___ _ -- --- -- TRICKLE CHARGE

___.30_ _ __

60 SD-) (BT)1.SAY



NAEC-92-161

" .,.0 .2 .,sAMPERE HOURS
%__ _ 01.0 1

.... . .. ... . . . ..... DISCHARGE CURVES

- - . . . - - . .- VOLTAGE VS AMPERE HOURS OUT
, ............... ........ . . .. - _- . . .

,I -- -- TEST NO. 9
2 - .1 HR 4 MIN., 1.2 AMPERES

-. ,- _ CONSTANT CURRENT, HIGH
1.- - -- -- - RARATE CHARGE

1.20

......-.. ...... . .. f-- _ ... . _.

I "_ _ ___:____ "___ __ _ _ _ _ _ _ _ _ _ _ _ _ _
1.99.

Vt 3C 0.2 AMPERE HOURS

-- ____ ____ _____ ____ _ _ _ 2 1.4 1

-- .- -__- 2 --- DISCHARGE CURVES
. . ..-...... .... . . . - VOLTAGE VS A1PERE HOURS OUT

....0_ _ _-i -....... ... . . .. .- -- -... . .:. . . ..
----- ~ES N--O. - - 10

-. - .-.... 37 MN., 2.0 AMPERES

1, *'-? _____ CONSTANT CURRENT, -

I ______ HIGH RATE CHARGE

1. .0 ______-__

.. 4...-.... .. __ _
-1.13 . ...... . . . .

....I" . .. -t . --- - _ _ -
1.0g

.. MA! 5.. PNC... ................. .... -- - ,7[L .. _ _ .-- _ __ _ _ __

"' ' 1. MARAT WON S. P AKIA

2. SAFT (BUTT) 6. SANYO
3. SAFT LUG) 7. GOULD4. G.E.

61 (D-5) .
I.. . l l ll i ,IIml

, , m



NAEC-92-161

vI. 0. ~ 0.2 . i.rERE " tR~

DISCHARGE CURVES

- .. - ..--.-. **--- VOLTAGEVS AMPERE HOURS OUT

--TEST NO. 11 . -

. -- -- - - - ~ . ....22 MN., 3 AMPERES ___ -

CONSTANT CURRENT, ___

6.- HIGH RATE CHARGE

1.30 ____-

AI

0. .. - 6 AMPERE H? UR . 1.4 1

- ... - - - - -DISCHARGE CURVES

VOLTAGE VS AMPERE HOURS OUT

- - - - -- ~ - --.-. - ~--. . -.- .-- TEST NO. 12 . .

S- -- .. . .. 16 HRS, 86A ~
6, CONSTANT CURRENT. ___

4- . --. - - TRICKLE CHARGE

1. MAAHN S.PNdC

2. SAP! (BUTT) 6. SANYO
1 SAFT (LU) 7. GOULD
4. G. E.

62 (D-6)



NAEC-9 2-161

0 _AMPERE HOURS
1 .3 .' - _ _ _ _ __.. . . . _ __ .__ _ _ "_ _ _ _ _ _ _._ _ _ _ _ _ _ _ _

DISCHARGE CURVES

.. . .. - VOLTAGE VS AMPERE HOURS OUT

zl.1 - - -__1____ -

- - - - - - - - - - - -. . ..... TEST NO. 13I. - ..... - 20 HIN., 4 AMPERES ... .
CONSTANT CURRENT

- -- - -- HIGH RATE CHARGE

A. I"ix I . .. .

1.30

TE NO... . ,14. =

___I__ _ _ __ _ _ __ -_ I-Z

_ _ _ ' _-\--I C 0 +l X2 L... CWERE H9 IN....! 1 .4 PERE

--- J ._ . --- II Jil O iSOA CUVl

6, CONSTANT CURRENT, -

HIGH RATE CHARGE

111.7 . -___

1. MARATHON S. PANANICA
2. SAFT (BUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD
4. G.E. 63 D-7)

I _ _ _ _I



NAEC-92-161

AMPERE HOURS

__ __ 1. 21 1.6

1. f 0ISCHARE CURVES

vLGEVS. AWERE HOURS CL,

-. - ... TEST NO.15 -

6- .- ~ 21 MIN.. 4APERES -

5,7 .- . CONSTANT CURRENT,
4 . .HIGH RATE CHARGE 

2

'--- -- .. . --- - -- i- . - - - - . - -

1. 00

AMPERE HOURS
\"DC ." I,.Z .,._ ...6. 1.0 1 4. 1 6 1

.. . . .. ..- I ARGE CURVES

1.40
...... . -- ----.. . ... .. .... . .. .. .. .. . ... . -.. .. .... . .. TEST No. 16 . . . .. -

. __.. . . . CONSTANT CURRENT.,hi HIGH RATE CHARGE -

1-2 1 1

!X x
. .' | -. A

1. MARATHON S. PANAXICA
2. SAFT [BUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD
4. G.E.

64 (D-8)



NAEC-92-161

t ~ o: L.~AMPERE HOURS
1.6 1L0 1.2 1-b 1 A

OISCI4AGE CURIVES
VOLTAGE VS. W1'ERE HOURS OUT

S- - - --- - TEST NO. 17

6, .----...--.-.- -_ CONSTANT CURRENT,

1 HIGH RATE CHARGE

%m:_ _ o.:__ 1._ 1.2 1.4 1-6 1 _

DSHRECURVES
- VOLTAGE VS. At-PERE HOUJRS OUT

-. 40___ TEST NO. I&..

- _____CONSTANT CURRENT,
- - _____TRICKLE CHARGE

1. 30

1. 20~ _ _

1. MARATHON S. PANANICA
2. SAFT (BUTT) 6. SANYO

3. SAFT (LUG) 7. GOULD

4. G.E. 8. HITANICA 65 (D-9)-



NAEC-92-161

VyC AM4PERE HOURS
1.a 0.*Q 0. g 1.0 t:? 2 1.-4

)ISC)H'MGE CURVES
VOLTA E VS. AM4PERE HOURS OUT

-TEST NO. 19
18 HRS, 80MA -

CONSTANT CURRENT,
- -- -.. .... .... ...- TRICKLE CHARGE

1..I5v

AMPERE HOURS
VDC 0.0 0.2 0.4 0.6 0.8 1.0 1. . 1.6 1.8

DISCHARGE CURVES
VOLTAC.E VS. AMPERE HOURS OUT

5 6 -*-- --- - --- - - . -3 MRS, 900 NA;

2,4 - CURRENT, TRICKLE CHARGE

6,7,

2. SAFT (BUTT) 6: SANYO
3. SAFT (LUG) 7. GOULD
4. G.E.

66 (D-10)3



NAEC-92-161

VX. .0 0 ClAMPERE HOURS

_.0_.2___. __ . .s 1.0 1 2 1.4 '

VOLTAGE VS. A*VERE IW1LRS W~

_ - ..~. 4~. -TEST NO. 21 - -

2, - _ _ _ --- -.1. - 21 MRS. 50% DUTY CYCLE
- -___ 20 HZ. 80 14A POSITIVE

1.3 PULSE. TRICKLE CHARGE -

1~ ~~~~i 120 4.......

I ~1. ___0__

V~0. 0.2AMPERE HOURS
___00_. _0 4 . 0.8 1.0 1. 1.4 1-61-

-.6 - - -~-- TEST NO. 22 )

3,4 67 HRS, 50% DUTY CYCLE

I1.30 PULE, RIKLECK RG

I .90

2. SAFT (BUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD

4. G.E.

.- 67 (D-11)



NAEC-92-161

AMPERE HOURS
VDC 0.0 02! 0.4A '.o _____0____.____s

-. -. . -.- -- DISCHARGE CURVES
-.-- ~...-. .--.- VOLTAGE VS AMPERE HOURS OUT

1.40 .

- -.------ -TEST NO. 23
? 8 HRS, 30 MN. 50% DUTY _

3_____ CYCLE. 5 HZ, 90 MA POSITIVE
3,2 PULSE, TRICKLE CHARGE --

1.30 1 .- - - -- -

I. .0

.00 .71177.

.9e

VD0.0 0.2 0.4 0.6 0.8 1.ER0HUR 1.2 1.4 1

Wz'.7v VS. AMPERE HOURS Ol

____________TEST NO. 24
1.4 _______ ______ 24 HRS, 25% DUTY CYCLE

5 HZ. 50 MA POSITIVE
_____PULSE, TRICKLE CHARGE

1.30 ____

1.20 _ __ _

1.10 ____- -J

1.00 .---- I
).90go ________

I MARATHON S - PANANICA
2 SAFT (IUTT) 6 - SAN4YO
3 SAFT (LUG) 7 - GOULD 68 (D-12)
4 -G.E.



NAEC-92-161

VDC 0. 0 0.2 0. __ 0.6_ 04I4PERE HOYR 1.2 1

VOTG VSfl AMPER -- iIizOURS OUT m

B 1.40
- 14 HRS, 25% DUTY CYCLE

34 ~ ________ - -5 HZ. 150 MA POSITIVE

1 1.30PULSE. TRICKLE CHARGE

I L.20 3____

1.10

1.00

1D 0 0.4 0.4 0.Th.?ER . .
VDC 0.0 ________ 0VOLTAE VS. APERE HW~RS OUTIoA~~cJw~

L.4- TEST NO. 26
7____ _____ 1 HR 15 MN.,* 25% DUTY CYCLE

_______________ -- 5 HZ, 1.2 A14PERE PULSE.,

-HIGH RATE CHARGE

1 1.30 .

1 1.20 .___ ____ ____

I I.1 _A

1 .00 r_ _ __ _ 7_ _ __ _ __ _ _ __ _ _

II ~~~~ ~.90 - -- ___ -

3 2- SAFT (LUG) 7 -GOULD
4-G.I.

69 (D-13)



NAEC-92-1611

VDC 0.0o 0.2 0.4 06AMPERE HOURS 12 14 16 1
1.50 -0 .6 0.8 1.0 1_ 2 4 1 6

DISCHARGE CURVES
- -~ ~ _______ _______ ____ VOLTAGE VS. AMPERE HURS OUT __

1.40
7 - TEST NO. 27 ____

5 14 HRS. 25% DUTY CYCLE
______ _____ 10 HZ. 150 M4A PULSE

1.20_________1

1.00 fl___ 1j

T 0.0 0.2 0.4 0.6 .0 1.2ER 1? G CUVS U

____________ VOLTAGE VS AMPEREHOROU

1. 40 ____

______ ______TEST NO. 28
_____I 1 R 15 MIN.. 25% DUTY CYCLE

______ ______ 10 HZ. 1.2 AMPERE PULSE.
________ _______ HIH RAE CARGE

_6

1.00__-

I KAATHO S PMA)4CA
2 SAFT (BUTT) 6SANYO
3 .SAP? LUG) 7GOULD
4 .G.E. 70 (D-14)I



NAEC-92-161

AMPERE HOURS
VDC 0.0 0.2 0.4 0.6 0.8 1.0 .4 1 6
1.50 lI I

DISCHARGE CURVES

VOLTAGE VS AMPERE HOURS OUT

1.40
3. TEST NO. 29

__ 14 HRS 25% DUTY CYCLE
i " __20 HZ, 150 MA POSITIVE

PULSE. TRICKLE CHARGE

1.301I _______i__

.-1.20 - ,

1 1.10 -I 1.0_____ ___ ____

1 1~~.90 ____

AMPERE HOURS
Tw 0.0 0.2 0.4 06 0.8 1. 12 4 IA ''

1.50 .. . .

_______ _______ - DISCHARGE CURVES
SVOTAGE VS AMPERE HOURS OUT

_-61 . ______ '__DSCAREURE

1.40 I___-_._.___ -_ 6 HRS 251 DUTYCCE _.
! _____t____ i.,60 HZ. 25 MA POSITIVE

I ; f i : . '"T-- PULSE, TRICKLE CHARGE

I _ _ _ _ ' I

iI1 ,_I_1___ _,__\__% i i i !

X I1.00

I _ __ _ _ _I

t MARATHON S - PAN AN ICAz !AF s (BcUTT) 6 - SANYO
3 SAFT (LUG) 7 GOULD

4 S.lT ~71 (D-15)

I7?



NAEC-92-161

voc 0. 0 .: 0.4 0. 0. 1.0 . 1 .4

- ... L.~ ---- ~ DISCHARGE CURVES
--------------------------- VOLTAGE VS AMPERE HOURS OUT

1. 40
4.S,------.6 . TEST NO. 31

I HR 15 MIH., 2S% DUTY CYCLE
2,3 - .- - 60 HZ, 1.25 WMERE POSITIVEr-PULSE. HIGH RATE CHARGE

1.30

L.20 ______1

1.00 71___ _____ ____

VIC 0. 0 0.2 0.4 06 8.0 1MER HUR

-...------ -- DISCHARGE CURVES

VOLTAGE VS WMERE HOUJRS OUT

- - 14 HRS,25% DUTY CYCLE -

1.301

3.9 -A--LU) --G- L

4 GE r72 (D-16)



j NAEC-92-161

AMPERE HOURS
VDIC 0. 0 0.2 0.4 -0.6 0.8 1.0 I. 2 .I 6
1.50

DISCHARGE CURVES

E-- VOLAG VSAPEEHURU
A(____ TEST NO. 33
(W____ I__ _ 1MR 15 M., 25% DUTY CYCLE

(3)( _______ _______ _______ 120 HZ, 1.20 AMPERE PULSEI (2)( -- HIGH RATE CHARGE

I _ _._ _

1.204

YDIC 0.0 0.2 0.4 0.6 0.8 1. 1___ 2_ 4____________
1.50 I ___ 4.. - ... x - 4 : DISCHARGE CURVES

__________240 HZ. 2 AMPERES POSITIVE

1.03

LI

730 (D-17) I()i

- --.90.



NAEC-92-161 1L

AMPERE HOURS
.c 0,0 1,2 0.4 0.6 0 1.2 1 4 16 1.SO I I 

OISCARGE CURVES

..-- VOLTAGE VS. A ERE IOURS OUT

..,o40 i" '* -.

TEST NO. 35
3, 14 HRS, 25% DUTY CYCLE

______:_ 240 HZ, 150 MA POSITIVE
_._0_'__,_ PULSE, TRICKLE CHARGE

1.20
i INX:

1.90 AMERE HOURS I
VDC 0. 0 0.: 0.4 0.6 0.8 1. 1 1 4 16
;-SO

61SCHARGE CURVES
-- --- _ _ - VOLTAGE VS AMERE HOURS OUT

II

STEST NO.36
5_________ 1 HR. 25% DUTY CYCLE

2480 HZ, 1.5 AMPERES PULSE
- ,-- ':- -----HRAT--- CAG

1.30; " ; !

1.20

1.10

.... ......... .. ... I

1. MARATHON 5. PAANICA
2. SAFT JmUTT) 6.- SANYO
3. SAFT (LUG) I7. GOULD
4. G.E. 8. RITANICA 74AR I

I

- iI



NAEC-92-161

AMPERE HOURS
VDc 0.0 0.2 0.4 0.6 o.a 1.0 12 1 16 2 1I.so r

-_-- - - - - - DISCHARGE CURVES

______ - - - I" VOLTAGE VS AMPERE HOURS OUT

1.40 7 _ __ L L -

I - 15 HRS 25% DUTY CYCLE
1____ _ .. 480 HZ, 200 MA POSITIVE

__________ PULSE, TRICKLE CHARGE

1.30

1.20 L 'JI.8
Io -__X-,- - ' T N X. -8 I

1H. R 25N DT CYL

0 0MZo. 5. MPR , PSIV

4.0 2 04 06 1 '.

I--EL

.40

2.~~~TS NO.T 38T) .SA
3.I HR.T L25) DUT GYULE

I ' I . --] . k L . . . . I 6 0 0 H Z . 1 .5 A M P E R ES P O S IT I E _
L.30o IP % \ I " " .Il - - [ - - -ULSE. HIGH RA'E CH M..

4. MARE.O S. HITANICA

7 75 (D-19)

• o ... .. .. .... .l - . .... . + . . . . +



NAEC-92-161

AMPERE HOURSDc 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1 4
1.so--0-

DISCHARGE CURVES

7 VOLTAGE VS AMPERE HOURS OUT

k, TEST NO. 39

'_ :_ _ _14 HRS. 25% DUTY CYCLE
____ ' ___ __' , _ , 600 HZ. 150 MA POSITIVE

1.30__. PULSE. TRICKLE CHARGE

I X 7

1.O0 11
1.10 __ _____

).90_. ...._- ._____:

APERE HOURS
VDC 0.0 0.2 0.4 0.6 0.6 1.0 1.2 14 1 A-.5 ____ __ __ _ _ . '____ I .. . :.. I . . _I _______

-- - DI0NWM CURVES-
VOLTAGE VS. AMPUERE MOM OUT

TEST NO. 40
___.____ _____ _ 1 HR. 1.5 AMPERES

___.., ,__ " CONSTANT CURRENT.
____•_, __ I________ ,HIGH RATE CHARGE

L. 30 _ -_, '_-'

1.20

).90

I . ..AThON -PA•ICA
2 -SAF fTT)6 - SANYTO% z,. . --UL 76 (D-20)

A - G.. I HITAIIICA

.zo _ % , \I i 3 .' , '-, : ,I .• :



NAEC-92-161

AMPERE HOURS
DC.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1 A,,_ , I I I

I. o

- DISOHARGE CURVES

VOLTAGE VS. At9ERE HOR OUT

S1.40
- _ - - TEST NO. 41
-,- 60 HRS, 105 MA

_5_6____ _ ____,____ CONSTANT CURRENT
" "TRICKLE CHARGE1.30 a. ', ! •.

I' , _ ,,,

1.20

,:1.00 _ _ _ _ _,_t

...90 \~

AMPERE HOURS
VDC 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1 6 13.0 SO _____ . .. .J.___

SVOLTAGE VS. AMPERE HMIRS OUT1.40- I .

II , I ' I J 'TEST NO. 42 . .

6,7 22.5 NIN., 4 AMPERES
4 ,CONSTANT CURRENT,

,-,HIGH RATE CHARGE

-..---

1.20 _,__'_._-"

I .ITi
I - X '.;% ,

1.00CII __" __\ \' l \!

3.90 .t .i . ; '

I - KARATHON S - PMAX4ICA
2 - SAFT BUTT) 6 - SANYO
3 SAFT LUG) 7 GOULD
4 -G.E. I- HITANICA

1 77 (D-21)



NAEC-9 2-16 1

DC0. 0 0.2 0.4 0.6 AMPER 1.0R 1.2 1,4 1,6 I
[.50 ___ ________ .~. .

_______ -DISCHAAGE CURVES
________ -- VrL JAGE VS. W1ERE ElmRS OUT

1.40_______________ _______ - -TEST NO. 43 -

________22.5 NIN., 4 AMPERES

________CONSTANT CURRENT,
HIGH RATE CHARGE h-

1.30 __ ________

1.00 (____ ---21.--

DC 0.0 0.2 AMPERE HOURS --

.'DC 00 0 . 0.4 0.6 0.8 1.0 1.2 1LA

- - _______ -DISCHA*RGE CURVES

1 *40VOLTAGE VS. MPERE HOURS OUT

34
_______ - ~- TEST NO. 4

-, - 14HMRS. 160MA
2, _______ CONSTANT CURRENT,~ *~TRICKLE CHARGE

1.30

1.20

I X AAATHOM S -PAINANICA
2 -SAP? (BUTT) 6 - SANYO
I-SAP? (LUG) 7 -GOULD
4 -G.3. 9 - ITANICA 78 (D-22) I



NAEC-9 2-161
AMPERE HOURS

_DC 0._0 0. 0.4 0.6 0.8 1.0 1. -4 t- t
1.50 1

DISCHARGE CURVES

VOLTAGE VS AMPERE HOURS OUT

1.407

,--- TEST NO. 45
2,8il j: !14 HR. 60 HZ 150 MA

- - ASYMETRICAL (ROMANOV)
, _______ - PULSE, TRICKLE CHARGE -

1.30

& 1.20 7

_____ ____ ______ +  F i i iii ~ I

I _ _o_ _ _\_ _ _ _ _ _ _. : ,_ _t I

I-- 22g I :A 6

"DC 00 AMPERE HOURS
*DC 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 1

!ScCARGE CURVES
VOLTAG VS. AMIPRE iOS OUT

1.40
- . - _ - _ _ _ _

.01 HR 30 MIN., 60 HZ, 1.25
1.31 AMPERES, ASYMMETRICAL (ROMANOV)

5 1.20

L.10 A .

1.00 (2- (8 0) i S) i

I.go__ ..- ,-________________ ___

1 ).90
S - PANA:4ICA

2 - SAFT (BUTT) 6 - SANYO
I SAFT LUG) 7 - GOULD

- G.E. I - HITANIC

, 1"79 (D-23)



NAEC-92-161

AMPERE HOURS
VDC 0.0 0.2 0.4 0.6 0.8 1.0 !.* 1 4 1 6.so ___-_ _____ ___ __

___ ._____ DlSCtARGE CURVES
VOLTAGE VS AMPERE HOURS OUT

7 TEST NO. 47
.4 12 HRS, 60 HZ, 150 NA

4,6- - ASYMETRICAL (RONANOV)
PULSE, TRICKLE C HARGE

l~.7

VX X \ \ X

..00

'.90_

AMPERE HOURS
ID 0.0 0.2 0.4 0.6 0.8 1.0 1 1 4
..SO ' L "Ii J

-- - DISCMARGE CURES -

VOLTrAGE VS. W~ERE lOARS OUT•__\__ __... .TST__.____

1.40- ____ I0... . .TEST NO. 48
k______' J1 HR 20 MIN., 1.2 AMPERES,

-,,5, -' ': 60 HZ, ASYM4ETRICAL (ROMANOV)
L I I "- PULSE, HIGH RATE CHARGE1

____•__ , I ' . _ ___ _ _ __'

1.20

" lii

I _ARATHON S - PAK t4CA
2 -SAFT (DUTT) 6 - SANYO
3 - SAT (LUG) 7 - GOULD
4 G.E. i - HITANICA 80 (D-24)



NAEC-92-161

AMPERE HOURS
• 0.0 0.2 0.4 0.6 0.8 1.0 1. 1.4 16 1.,

DISCHARGE CURVES

_VOLTAGE VS AMPERE HOURS OUT

1 .4 0 _ _ _ _1.4 E .I TST NO 49

' 14 HRS. 150 MA

_,4 _CONSTANT CURRENT,
1, , __________TRICKLE CHARGE "

1.30

L.20

1.10

I, -J7I
.00 _ _ _ _ _ _

AMPERE HOURS
WDC 0.0 0.2 0.4 0.6 0.8 1.0 14 16

_. II -
1.50 717-7 ' 2.- 1,_OU

I TEST NO. 50

1,3,___ 37____ _____60 HZ.50M

1, _ . 50% DUTY CYCLE, POSITIVE

0_ 
-- PULSE, TRICKLE CHARGE

1.0- _

I ______ _ - , [ ..

SAFT (BUTT) 6 - SANYO
3 SAFT (LUG) 7 - GOULD

- G.E. s - HITANIC 81 (D-25)



NAEC-9 2-16 1

)DC 00 0.2AMPERE HOURS

- .- ~ . -DISCHARGE CURVES

- . VOLTAGE VS AMPERE HOURS OUT

____ TEST NO. 51
_______35 MN., 50% DUTY CYCLE

- ..---. 60 HZ. 2 AMPERES POSITIVE
PULSE. HIGH RATE CHARGE

20

i. 10__ 
_ _ - -- _ _ _ I

.901

JDC 00 0. 0.4AM4PERE HOURS
1.5-3 051. .'1

liii - -. .1VOLTAGE VS AM4PERE HOURS OUT

- - TEST NO. 52 -

7 -- ~ - - ___ 25 MN., 4 AMPERES
_______CONSTANT CURRENT,

1,8 - _ __ __- HIGH RATE CHARGE-71

g.Z3

1.0)..J~ 33
I.HARATHON 5. PANANICA
2. SAFT (BUTT) 6. SANYO
3. SAFT (LUG) 7. GOULD
4. G.E. 8. HITANICA 82 ( -6



NAEC-9 2-161

AMPERE HOUJRS
%7D 0.0 0.2 0.4 0 . 1. 1;7.4I

L - *~*-~_VOLTAGE VS AMERE HOURS OUT

3,4 -- - - - - TESTl NO. S3-
- CURRENT, 15 MRS AT SO NA

30 _ _ _ - t CONSTANT CURRENT. HIGH -

.00

0.2 o. ~AM4PERE HOURS

____ 0.__ 00 1.0 0. .6 1

I- -- -. -.--- -- DISCHARGE CURVES-

S--..---i--VOLTAGE VS AM4PERE H4OURS OUT

7'--- --- - --- --- . .- *-- - - -. TEST NO. 54
4, 14 M~ . _ __ RS. 25%UTY CYCLE _

______1_ 20 HZ, 125 N4A POSITIVE
--- PULSE, TRICKLE CHARGE

2,8 - - - _ _ __- - * - - *

j 1. to

1. '0 (2~zx:z -- - -

2: SFT (UTT)6. SANYO
3. SAT(U) 7. GOULD
4. G.E. 8. HITANICA 83 (D-27)



NAEC-92-161

AMPERE HOURS
1.50. 1~ S

- - -DISCHARGE CURVES

- - - - -- VOLTAGE VS AMPERE HOURS OUT

6 - ----- -- --.- TEST NO. 55
______ _______ I ______16 MRS. 25% POSITIVE, -

-- .- T 25% NEGATIVE DUTY CYCLE.
______ _____ _10 HZ. 150MA PULSE,

1. 30 - TRICKLE CHARGE-

1.0

-.---- -- ---- --------- ----.

VDC 00 0.,AMPERE HOURS
to . 0 s.o. .o_ _ _ 1.2 14 -.6 I

. .-. . .. . . .... DISCHARGE CURVES

-'-- -. .. . . . . . . . .{.............I VOLTAGE VS AMPERE HOURS OUT i
. .4- --..- - - - TEST NO. 56-

62 HAS, 501 POSITIVE,
2, 50% NEGATIVE DUTY CYCLE,

1.30 10 Z.10 MAPUSE

1.00

1. 14ARATHON S . PANANICA (
3. SAFT LUG) 7. GOULD
4. G.E. I. HITANICA 84 (D-28)



RAEC-92-161

0Dc 0.0 0.' AMPERE HOURS
1.50 0.4____ 0.6 _____ 1.0 1. 1. ' 5.I DISCHARGE CURVES

- -. - -. . . . .VOL-TAGE VS A14PERE HOURS OUT

. to 
-~. TEST NO. 57 .

1 HR 1014HIM.. 501 POSITIVE,
4,,7 7___ . ___ 50% NEGATIVE DUTY CYCLE. 10 -

HZ, 1.25 AM4PERE PULSE, HIGH-
2.3 RATE CHARGE

7 .,

1. 20

1. 10

I1.00 -)

VIJC 0.0 0.2 0.4 0.6 0. 1.0__ _ __ _ __ _ 1-4___ _ _ __ _ _ __ _ _

APEREAG HOUR AM4PERE HOURS OUT

'I1~;: -. .. .. .- TEST NO. 5a-

1 1.30 £7 7 Z-K 7+ z CHARGE

5 1.20

4. IUT G.E 85 (D-2g)C

85(D29



NAEC-92-161

VDC 0.0 0.2 AMPERE HOURS
. . .. . . . . . . . ... .. ...6 1 .0 .. . ..

1.50 . .- 4 --- J ----------

DISOtAME CURVES
VCLTAGE VS. ,M I OUT

1.40 _..... -1 T V
TEST NO. 59 -

"6! -1 R .... ... M--- 1HR 10N IN., 1.2 A MPERE DC,
- 10 HZ WITH 6.6A, 4 MS.

_______ -NEGATIVE PULSE. HIGH RATE

13.? __,__ ... .. CHARGE _ _._-_--

_____-6 - -. -1.20

0.90 !

AMPERE HOURS
VDC 0.0 0, O_._ 0._ _._ ._ 1. 1.4 1-6
1.50

DISCKARE CURVES - -.
VOLTAGE VS. *0PERE HMS OUT

1.40-1 - - -r - -II
.. TEST NO. 60

14 MRS 20 MEN., 501 POSITIVE,

1" _ 501 NEGATIVE DUTY CYCLE, 5 HZ,

..... . 3/10 VOC 200 MA PULSE,
1, _ -TRICKLE CHARGE

1.20- .

1,. ... .........~. . ........ . ... . . - -- "

0 . 9 0'-1
1. WMTH01 S. PAMAICA4i
2. SIT (BUTT) 6. SANYO 1
3. SAPT (LUG) 7. GOULD
4 . G .E . . H IT A N IC A 8 D86 (D-30)



NAEC-92-161

voc o~~~o o.: o.' W~AMERE HOURS .a It ...... js...

1.40 __

6021 NEGATIVE, 200 MA. -

.30 ,4_ - --- * -- TRICKLE CHARGE

1 1.20

1.00

AMPERE HOURS

1 ~ ~~1.40 - . . . . . .

- -TEST NO. 62 - ---.

- 1~ HR, 201 DUTY CYCLE L
--- . _____ -5 HZ, 21 NEGATIVE, 1.5 -

6,7 ___---- - AMPERE PULSE. HIGH
-- -3--- -- RATE CHARGE-_ _

3 1.10

1. MARATHON S. PANANICA 9. G.E.
2.SFT iLUT) 6. GOUYD

3 SAFT LUG) 7. GNO
4: G. E. 8. 41ITANICA 87 (D-31)



NAEC-92-161

VDC 0.0 0. 0.4 0.6 AMPERE HOUR
1. 0 0 1.1 1.4O ' "

. . . .. . . .DISCHARGE CURVES

VOLTAGE VS AMPERE HOURS OUT

. 40_ __ _ _ _ _ _ _ _ __ _

-- _ - . - . TEST NO. 63

- 22 MN.. 50% DUTY CYCLE
S10 HZ, 2 NEGATIVE (6.6VP)

. 4 AMPERE PULSE, HIGH RATE -
1.30 CAG--------------------------------------- -- -

484
1 .20 3-

1 . 1 0 : -

..... __ ....... i*- _.j . j4i. __..... ... _:.. ,,--, ,
.9 

A MPeERE HOURS

.o 0.0 0.2 0.4 o.o o.S 1.0 1 4 1. ,.

DISCHARGE CURVES
VOLTAGE VS. AMPERE HOURS OUT7..-...--........ I..... -- ------- - 1-.--I" .----I---.....

1.40 - -TEST NO. 64

-. . . . -- 14 HRS, 505 POSITIVE, 20% NEGATIVE
_____- DUTY CYCLE, 10 NZ, 200 14A PULSE.__ --__ .... ... ___ ---_ - --__ -__ ,_c___, .___,,__ _ _

7...... ... . ;-..-:-TRICKLE CHARGE
1.30 

____

1.20 
___ _1.10o . -_ -- - i - - .- . .. . . _. . _

0.90. . .. ::......__.. ... _.____.7-

S 1. MARATHON S. PANANICA 9. G.E.
2. SAFT (BUTT) 6. SANYO

3. SAFT (LUG) 7. GOULD
4. 6.E. 8. HITANICA 8 -. .. i88 (D-32)



NAEC-92-161

AM4PERE HOURS
VDC 0.0 0.2 0.4 0.6 0 1.0 .1.4 6

S..... -.................. DISCHARGE CURVES

S......... VOLTAGE VS AMPERE OURSOUT

_.,6 TEST NO. 651, -- - - ._ . .. . .. . -_2 _.2 1 HR. 1.2 APERES CONSTANT CURRENT ...
2. 3 HRS, 150 A CONSTANT CURRENT

. - .IGH RATE CHARGE

I. ,--- _- _ -- **--- ----- 4j-
1.10 ___ 1I _ _I_

,.oo [:; - -3

1.00

I AM4PERE HOURS
VDC 0.0 0.2 0.4 0.6 O.S 1.0 1-1 1.4 I 61 ~1.50 1 1
t. .. .. . . TEST NO.66

.40 . ... . . - CONSTANT CURRENT

TRICKLE CHARGE

t.30 ---...-- t .

1.20 2

I- - ..- s*-., ,

o., .-. - .. --....

0.90 ____

1. MARATHON S. PANAMtCA 9. G.E.
2. SAFT (sunT) 6. SANYO
3. SAFl (LUG) 7. GOULD
4. G.E. 8. HITANICA 89 (D-33)



NAEC-92-161

VDC 1 1-0 fill nHOURS6nUn
[ .. .. ' _--0I -. C HRG E CURV ESl~

CELL VOLTAGE VS. CHARGI

6,

I _0_ _ __._

62 RS.50%POSTIVE/50% NEGATIVE
_______DUTY CYCLE, 10 HZ, 100 MA PULSE,

________ _______ ________ _______TRICKLE CHARGE... .- .. . . .. r - -II I_

.10 ' '  .. _TMINUTES*
VCa8 - :a........j 30 40 so 70 s0 90

CHANo E CUVES
CE VO -- LTAGE VS. IA

1.70

I ." ..- , .--- -......... . .. = - -

i I1

..... _ AER PLS, IGRTETEST NC.A572 1 R 10MIN. O50 POSITIVE/50il
NEGATIVE DUTY CYCLE, 10 HZ. .2
AMPERE PULSE, HIGH RATE CHARGEI4

II
1.- . V-.

1 . MRATHON 5. PANANICA
2. SAFT (BU/TT) 6. SANYO
3. SAFT (LUG) 7. GOULD ...
4. G.,E. 8. HITNICA" -I,._

51 (C-19). ex,, I l



NAEC-92-161HOR

vo 10 2.0 -4 0 6.0 3.0 HUS 10.0 12.0 1.&.0 16.0 18.0
1.30 -04W CR

-- - - --- -CELL: VOLTAGE vS. CK6AG

1.0 ____ __ ___ ___ TEST NO. 58
-. - . . .. . . - - - - - - - - - 11 HRS 30 MIN., 50% POSITIVE/.

----- 501 NEGATIVE DUTY CYCLE, 10 HZ,
150 NA PULSE. TRICKLE CHARGE

1.60 _ _ _ _ _ _- -

1.90 0A __ _ 0 2 304050 0 7 s

3.AGE -UR

VOCES NINT. 609

1.70 1 MR 10 MIN.. 1.2 AMPERE CONSTANT_____ ____
CURRENT, 10 HZ. 6.6 AMPERE PEAK,

*..............4 MS NEGATIVE PULSE, HIGH RATE CHARGE -.. . . .

1.60 3~.- - - - . . . . . .

.. cr : ---... 2 .

4

1l. MARATHON S. PANANICA
2. SAFT fBUTT) 6. SANYO
3. SAFT LUG) 7. GOULD
4. G.E. S. HITANICA

52 (C-20)



NAEC-92-161

v ob 0 2.0 4 .0 6 .0 8 .0 HOURS 10 02 .14 06 018

1.80 -- -- -- -. CHARGE CUIRVES ---

- - -. .CELL VOLTAGE VS. CHARGE
TI.ME

1.___ ___0_ TEST NO. 60
- 14 FIRS 20 MIN.. 501 POSITIVE/

-. . .. - -- 50% NEGATIVE DUTY CYCLE, 5 HZ.
S- - -.- -- - - - 200 MA. 3/10 V0C PULSE,

- - - TRICKLE CHARGE

1.60 _ _ _ _ _ _ _ _ _ _

- _ _ __

0w.0 2.0 4.0 6.0 8.0 HOURS 10.0 I. 16.0180

1 -3 --. -- - CHARGE CURVES

- .- ...- -. - -CELL VOLTAGE VS. CHARGE

1. 70_ _O 61T
-. . .. . . . ---- . . - - 12 HRS.40 MN.. 20% POSITIVE/2% NEGATIVE

-. - - -*- ... . . DUTY CYCLE, 5 HZ. 200 MA. PULSE, TRICKLE

1.60 _ _ _ _ _ _ _ _ _ _ CHARGE

1.50 __________

1. MARATHON 5. PANANICA
2. SAFT (BUTT) 6. SANYO
'3. SAFT (LUG) 7. GOULD
4. G.E. 8. HITANICA

53(C-21)
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M4INUTES

VOC 0.0o 10 20 30 40 50 60 70 s0 90

1.- 7 . -- CHARGE CURVES
---- - - -CEL i VOLTAGE VS. CHARGE

1.70 - -~ I TEST NO.6NETE
I HR. 2%PSTV/%NGTV

-. - .... ...... DUTY CYCLE. 5 HZ, 1.5 AMPERE
~~~~~6 - ---- -... . . . . PULSE. HIGH RATE CHARGE

I -- --- ---- -- --

*c C.0 .0 H.0 5.0 .10.0 MNTS25.0 30.0 35.0 40.0 s

1.8CELLO CHARGE CURVES
CELVOLTAGE V'S. CHARGE TIME

1.70 -S 8TEST.NO. 6

3 22 MIN., 50% POSITIVE. 21 6.6 VDC ~
- - - -. PEAK NEGATIVE DUTY CYCLE, 10 HZ.

4 AMPERE PULSE, HIGH RATE CHARGE

6,11

1. MARATHON S. PAN4ANICA [
2. SAFT (BUTT) 6. SANYO 9 -G.E.

3. SAFT (LUG) 7. GOULD
4. G.E. 8. NITAI4ICA

54 (C-22)
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io . 0 6HOURS
_ _ _ .0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.

1.80 CHARGE CURVES ._
CELL VOLTAGE VS. CHARGE TIME

.. ... _ _-.-T.. - _iT- .; - .. . .
TEST NO. 64

12'O ________ ________ _______14 HRS, 50% POSITIVE/ZO% NEGATIVE1.7 'DUTY CYCLE, 10 HZ. 200 NA PULSE,

. ..... . ... - . . .. TRICKLE CHARGE

1.60_ -- - - - - .- - - .4-
.. .-- -' - _ _ _ ,' -. ,.. L

1.40

..... .. 7 . ... - 1- .. - - _ _

I 4,9

QC .0 2.0 4 0 6.0 8.0 10.0 32.0 14.0 16.0 18

1.8 CHARGE CURVES
. ___CELL VOLTAGE VS. CHARGE TIME-'-

I.O ------. ... .. ---- - -j

1.70 --TEST NO. 65
1 - . 1 HR, 1.2 AMPERES CONSTANT CURRENT

AND 3 HRS, 150 MA CONSTANT CURRENT
___ --.-.-- - - - HIGH RATE CHARGE

1.60 2 IIII

. " 4.. . .... -...

1.50 ' ,

1.40 -

--,,,-- L -.-... --4.--

1 1.30

--~ JIff L~--
1~~. MARATHON 7. PANANICA - E .,

2. SAFT (BUTT) 6. SANYO

3. SAFT (LUG) 7. GOULD 55 (C-23)
- 4. G.E. 8. HITANICA
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I NAEC-92-161

APPENDIX D -CELL DISCHARGE GRAPHS

VDC .0 02 0. 0.6 AMPERE HOURS
VDC 0.__.2_. _ 0. 0.8 1. 1. 1.4 I-AIA

1.30 ______ - -DISCHARGE CURVES
VOLTAGE VS AMPERE HOURS OUT

_______ ______________ ____ ___ TEST NO. 1
__.__0 75 MRS., 60 MA. CONSTANT

-- ~ CURRENT, TRICKLE CH4ARGE

1.30I~~ ........ .____ ...... _

1.)20__ _ _ _ ___ ___ _

ID . 0 .2 .4 . 0.6 O .8 1 . i .cZJG 1URV4

1. 12. EST O. . . . . . .-.... . . . . . . . .- I HR 15 MINd., 1.2 AMPERES __- -- - - -CONSTANT CURRENT, HIGH

~RATE CARGE

1.20 __

1.10)

1. MARATHON 5. PANANICA
2SAFT BT)6. SANYO3STLU)7. GOULD E P4. G.E. 57 (D-1 of D-33) s u ia P '
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NAEC-92-161

AMPERE HOURS
VDC 0.0' r.. _. _ _).s 1.0 1. . . ..

.. . . . . .- ....... DISCHARGE CURVES
VOLTAGE VS AMPERE HOURS OUT-

_ _ _ __ __ _ TEST NO. 3

I HR 10 MIN.. 1. 2 AM4PERES
. . . . .. .. CONSTANT CURRENT, HIGH .

•- -RATE- RAR E .CHARGE

- ------------ ---- A-"------
6, .,_T.---.

.9.)

AMPERE HOURS
~~D O.' 0'06 0.8 1 . ~ . .0 1 4

1.s0 -

-- . . -. .DISHARGECUR-_ES

I OLTPRE VS. .'!MR HOURS

1.10 TEST NO. 4
_ _ _ _I HR 10 NIM., 1.2 AMPERES

CONSTANT CURRENT. HIGH -

- - RATE CHARGE

1.50 . .

1.00

1. NPA.HMON S. PANAUICA
2. SAFT (WTT) 6. SANYIO
3: SFT LUG) 7. GoU"

5. 6.1.

58 .\\2) low
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1"C 0. 0 0.2 0.4 0.6 0 ERE HOURS ,4 1-

- ______ -- ISQKIM aMT-
______ _____VOLTAGE V*S. 1LWERE OU!

i~0 _______OUT

1.40_ _ _ __ _ _ _ _- TEST NO. 5
________ _______I HR 50% DUTY CYCLE. 7 NZ.

_______ _______ _______1.2 WMERE POSITIVE PULSE,

I ~~1.20 __

I ______ _____3

1.1.0

I ~ ~~1.00 r_ _ __ _ _ _ _ _ _ _ _ _ _ _

VDC 0.0 0.2 0.4 0*6 0 . 8 ER IJ 1.2 1-4 1-6 1-*
i.so r

----- -- _______ _______ -- DISCHARGE CURVES- - 'VOLTAGE VS. AMPERE HOURS

40 ____ - :~. ____CONSTANT CURRENT,

130 7_ ___ ___

'1 :1.20-

U 1.10

- K ARATHOI. 5 - PANAIEICA
2 2-MIAT JtUTT) 6 -SANYO
3 -SAFT LUG) 7 -GOULD

59 (Di-3)
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AMPERE HOURS
lix 0. 0 0.2 1~ 0. 1.2 10 . 1.6 g

- - - - -- - - - - . - - -DKSCHARGE CURVES
- .- .. .. VOLTAE VS AMPERE HOURS OUT

... ---- --- --- -- ~ TEST NO. 7
1 HR. 1.2 AMPERES

-- CONSTANT CURRENT -

!.,, ____ HIGH RATE CHARGE

1. : _0___

1.00

0DC .0 0.2 0.+ 0.6 __ _ s_ _ 1.0__ ____F__

- .. -- -VOLTAGE VS AMPERE HOURS Offt

TEST NO. 8
- . . .- . - . . --. - . - - 17 HRS, 100 M

- **-CONSTANT CURRENT,
- -.- .- _ ____ ---- - -- ---- TRICKLE CHARGE - -

1.30

1.011

2. SAFT (E~rr) 6. SANYO
3. SA? (LUG) 7. WAUDU

60 (D-4)
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APPENDIX G - HISTOGRAM DATA PLOTS 
NABC-92-161

TYrE ,.aur
:;TEAL F F" SAFT9

0614
0"7 1370B88V' ) .880

0(0..22444689
0911244567778
1010022266778
11190122246688
1210(100016688
131002344
141
1510STENLEAF 

SAFTL

08133
091022555556666888
101122246677889
111000122333334444455566
12101446888
13102344
1412
15106

9010 
GE

921

941I 9610

981000
3 00100000000000

0210000000000000000000
04100000000000000000
061000000I OR 100
101000

STEMLEA FAN

0914
10127
11149
1210002466778
13101344468888889999
1410000023444555566666889

151011124688
16177
1712

FIGURE G-1. HISTOGRAM DATA PLOTS

195 (G-1 of G-2)
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rEMLEAF SANYO

0912
1019
1110245660668999
1210000001112233444444445555666677788888888
1310022224
1411466

STEMLEAF OLD

0814
091024
10116
11100223478889
121000001122222244444445555555555667778888888
131002236
1414 H

5TENLEAF HIT

08152445677777
10100122795
121881189
1412456681
1610
111
2 0 10 u P) EJUTrFUT

if
FIGURE G-2. HISTOGRAM DATA PLOTS

j
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NAEC-92-161
GLOSSARY OF TERMS

auto-transformer.....a transformer that provides a voltage
change with no dissipation.

charge pulse magnitude ................ value in amperes of charge pulse.

charge rate.......................... amplitude of charging current.

charging time....**...................the time required to achieve the required
input capacity for a given charge rate in
amperes.

duty cycle.........................charging current pulse width as a
fraction of repetitious interval.

fixed load resistor................... a resistor of a fixed value selected to
control cell discharge at a fixed
current.

high rate charging... ... charging with high current for a short
period of time for a determined capacity
input.

McCulloch mode ........................is a positive and negative waveform with
adjustable duty cycle current amplitude
and frequency.

mean .................................. the average value of set of data.

pulse frequency ... ....... cycles per second or hertz.

Romanov mode......................... is an asymmetrical wave formwhich
positive half cycle is different (in duty
cycle and current amplitude) than
negative half cycle.

smoothed time series ................. the discharge data analyzed for an
individual cell over the range of tests.

trickle charging... ..... charging with a low current for a long
period of time for a determined capacity
input.

variance.............................the variance of a sample is a measure of
the spread of data about the mean.

I II

I 99 (GLOSSARY 1 OF 1)
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LIST OF ABBREVIATIONS/ACRONYMS
AND SYMBOLS

A ....... ampere Hz ...... hertz

AH ...... ampere hour T ....... low-rate (trickle) charging

C ....... charge rate MA ...... milli-ampere

CC ...... constant current N ....... number of observations

CPS ..... cycles per second PAN ..... Pananica

DC ...... direct current R ....... resistor

EXP ..... exponential S ....... variance

F ....... ratio of variance U ....... population parameter

GAU ..... Gaussian V ....... voltage

GE ...... General Electric VAR ..... variance

GLD ..... Gould Yi ...... value of output capacity

H ....... high-rate charging y....... mean value of output capacity

HIT ..... Hitanica|

100 (ABBREV 1 OF 1)
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